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Field of the Invention 

This invention relates, in general, to the measurement of an angle of gyration in material 
testing equipment such as gyratory compactors, and to devices which simulate forces of 

materials which are tested by gyratory compactors. 

v. 

Background of the Invention 

Gyratory compactors, including the SUPERPAVE Gyratory Compactors (SGC) 
developed in response to the Federal Highway Administration's SHRP research program, have 
proven to be a useful tool in the design and quality assurance programs for Hot Mix Asphalt 
(HMA) products. The SGC applies a constant consolidation pressure onto a material specimen, 
such as HMA, contained within a cylindrical mold of specified dimensions. The specimen is 
confined within the mold typically between two end plates which fit within the mold. While the 
consolidation pressure is applied, the cylindrical mold is tilted on its axis (i.e., one end of the 
axis displaced while the other end is held fixed) to a precise angle, known in the art as the angle 
of gyration, or gyration angle. The tilted axis is then gyrated around an axis perpendicular to the 
mold end plates, which may also be the axis along which the consolidation pressure is applied, 
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i.e., the axis of consolidation or compaction. The gyration of the mold is performed at a 
specified rate. 

Studies have shown that the angle of gyration, as determined by the degree of tilt of the 
mold axis from the axis perpendicular to the mold end plates, plays a key role in determining the 
amount of compaction a material specimen, such as HMA, experiences during gyration. The 
primary method used to measure the angle of gyration is to measure the angle between an 
external surface of the mold cylinder with reference to a stationary external reference, such as a 
member of the surrounding frame of the gyratory compactor. However, such measurement of an 
external angle of gyration, in addition to being subject to variances introduced by deflection of 
the machine frame, does not account for movement of the mold end plates within the mold 
resulting from the reaction forces of the material specimen in the mold (including shear forces 
between the material and the mold wall) which are transferred to the machine frame. It is the 
internal angle between the mold cylinder and the compaction/planar surfaces of the mold end 
plates which contact the specimen that determines the amount of compaction effort imparted to 
the specimen. This is referred to as the "internal angle of gyration" or "internal gyration angle"; 
the angle formed between the internal mold wall and the mold end plates during compaction. 
When two mold end plates are used in the mold, one at each end of the material specimen, the 
internal gyration angle can be measured with respect to each end plate. With the mold vertically 
oriented in an SGC and a mold end plate at the top and bottom of the specimen, these internal 
angle measurements are generally referred to as the top (internal) angle and the bottom (internal) 
angle. 

U.S. Patent #6,477,783 (the '783 patent) describes a device that fits inside the SGC mold 
along with a material specimen, such as an HMA, which is placed on top of the device while the 
SGC is operated. A flat end of the device is placed flush against the bottom mold plate, and an 
HMA specimen is placed on top of the device. Probes extend out of a side wall of the device to 
contact the inside wall of the mold. The device disclosed in the '783 patent is operable only with 
an HMA material specimen in the mold on top of the device, in order to apply the material- 
induced loads to the SGC frame so as to measure the internal angle of gyration under what is 
assumed to be realistic, material-based conditions. However, the molds used in many existing 
SGC models do not have sufficient volume to hold a typical size material specimen and the 
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internal angle measuring device described by the 6 783 patent. The forces acting on the gyratory 
compactor frame are related to the material stiffness as well as to the amount of material being 
compacted. The inability to use typical sized specimens with the device of the '783 patent in 
some SGC models (or the use of undersized specimens) necessitates use of a complex procedure 
to accurately predict the angle with a full sized specimen. To overcome this shortcoming, it is 
necessary to take multiple measurements (e.g., as many as seven or more) with specimens of 
different masses compacted with the angle measurement device of the '783 patent, and then 
perform an extrapolation calculation to predict what the internal angle of gyration is with a full 
size specimen. Because the mold must cleaned, pre-heated and loaded with the device, and the 
material must be pre-heated and loaded into the mold on top of the device, the repetition of this 
process seven or more times can consume nearly an entire work day just to measure the internal 
gyration angle of a single gyratory compactor. 

HMA material specimens have varying stiffness properties that can be difficult to 
characterize accurately, creating a situation of an unknown force being applied while the 
measurement is made. Each SGC model has a unique frame stiffness resulting in a characteristic 
different frame deflection during operation. Frame deflection may cause different angles of 
gyration for HMA specimens of different stiffnesses in SGC models with relatively more flexible 
frames. It is important to have known forces similar to that of the material typically compacted 
to overcome this problem. Furthermore, because the internal gyration angle measurement device 
of the ' 783 patent is used exclusively with a material sample in the mold, the compaction ram 
and its support structure is not in a position similar to that of normal operation, creating possible 
changes in frame stiffness characteristics due to the extension of the ram, which further alters the 
test results. 

As noted above, the angle of gyration must be known with great accuracy. To make an 
accurate measurement, the apparatus, molds, mold end plates, and the SGC apparatus must be 
very clean. The device and method described in the '783 patent requires the use of HMA 
consisting of aggregates of various sizes mixed with asphalt binder, a tar-like substance, which 
makes debris a significant factor in the accuracy of this angle measurement. Also, HMA 
specimens are typically compacted at 150°C, making the procedure difficult and creating 
operator safety concerns as well as problems associated with overheating the measurement 
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device. The extreme care necessary to minimize the effect of temperature on the measurements 
requires a cooling period for the instrument between measurements, adding still more time to the 
lengthy angle measurement, extrapolation and calibration process. The horizontal probes of the 
'783 patent device are aligned vertically to interface with the curved inner surface of the mold 
wall while the flat base contacts a mold endplate. Dirt or debris between the mold end plates and 
the '783 patent device can significantly effect the accuracy of the measurement. Because of the 
need for extreme accuracy, close attention must be used to minimize the effect of dirt or debris in 
the measurement. 

It is therefore desirable to obtain a very accurate measurement of this internal angle of 
gyration under actual material loads. Even more preferable would be to obtain highly accurate 
measurement of the internal angle of gyration under conditions similar to those occurring during 
compaction of the sample material, without having material actually present in the mold. This 
would be particularly advantageous for angle calibration of gyratory compactors for use with 
HMA, to avoid pre-heating of the mold and material, and repeated loading and unloading of the 
mold with HMA to obtain an accurate measurement of the internal gyration angle. 

Summary of the Invention 

The present invention overcomes the shortcomings of the apparatus disclosed in U.S. 
Patent #6,477,783 and other angle measurement devices, by applying a known resistance force to 
an SGC frame without a sample material in the mold, while simultaneously measuring an 
internal angle of gyration. In a preferred embodiment, a body of the device is approximately the 
height of a typical HMA material specimen, and therefore can be used universally with all SGC 
models without requiring the use of a complex extrapolation procedure utilizing multiple 
specimen masses. The device can also apply different known resistance forces to establish the 
frame stiffness characteristic for a particular SGC model. Measurements can be made at room 
temperature to improve operator safety and convenience or they may be made with the mold and 
end plate at normal compaction temperature which is typically 150°C Sample material is not 
required in the mold, reducing the amount of preparation required to perform the angle 
measurement. Angle measurement probes are oriented to engage a flat surface of a mold end 
plate while the cylindrical body follows the movement of the mold. This is an improvement over 
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prior art as the probes only contact a small area of the mold end plate, thereby reducing the 
potential for debris to effect the measurement. 

The invention includes the concept of placing in a mold in a gyratory compactor an 
internal gyration angle measurement device and a separate loading device. In one form of the 
invention, there is provided a system for applying a load and measuring an internal angle of 
gyration in a mold adapted for use in a gyratory compactor, the mold having a wall and mold 
plates which fit within the mold wall, the system including: an internal gyration angle 
measurement device which fits within the mold wall and in planar contact with a first mold plate, 
the internal angle measurement device having at least one probe which contacts the mold wall; a 
second mold plate in planar contact with the internal gyration angle measurement device on a 
side of the internal gyration angle measurement device opposite to the first mold plate; a loading 
device within the mold and in contact with the second mold plate, and in contact with a third 
mold plate on a side of the loading device opposite to the second mold plate. 

In accordance with another aspect of the invention, there is provided a device for 
applying a known resistance force and measuring an internal angle of gyration of a mold in a 
gyratory compactor, the device including a body configured to fit within a mold suitable for use 
in a gyratory compactor, the body having a first end and a second end and a side wall which 
extends between the first and second ends, the first and second ends extending laterally beyond 
the side wall; a protrusion which extends from the first end, and a protrusion which extends from 
the second end, each protrusion configured to provide a contact with a mold end plate, the body 
providing resistance to a force applied to the body by contact with one of the protrusions; 
an assembly within the body for measuring an internal angle of gyration, the assembly including 
a guide block, guide block probes in the guide block which extend outward from the side wall of 
the body, a guide rod for holding a reference probe to extend through one of the first or second 
ends of the body, a slide block attached to the guide rod, and a linear sensor probe mounted to 
the slide block to extend through one of the first or second ends of the body. 

In accordance with another aspect of the invention, there is provided a system for 
applying a load and measuring an internal angle of gyration in a mold adapted for use in a 
gyratory compactor, the mold having a wall and mold plates which fit within the mold wall, the 
system having an internal gyration angle measurement device which fits within the mold wall 
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and in planar contact with a first mold plate, the internal angle measurement device having at 
least one probe which contacts the mold wall; a second mold plate in planar contact with the 
internal gyration angle measurement device on a side of the internal gyration angle measurement 
device opposite to the first mold plate, and a loading device within the mold and in contact with 
the second mold plate. 

A method of the invention of measuring an internal gyration angle in a mold in a gyratory 
compactor includes the steps of positioning an internal gyration angle measurement device in a 
mold between two mold plates, the internal gyration angle measurement device having a body 
with planar ends which are positioned in planar contact with the mold plates; positioning a 
loading device in the mold in contact with one of the two mold plates in contact with the internal 
gyration angle measurement device; applying a force to the loading device as the mold is gyrated 
in a gyratory compactor, and obtaining a measurement of an internal gyration angle from the 
internal gyration angle measurement device measured while the force is applied to the loading 
device and while the mold is gyrated. 

These and other novel concepts and methods are herein described in detail with reference 
to the accompanying Figures. 

Brief Description of the Figures 

FIG. 1 is a perspective view of a representative embodiment of a resistance loading and 
gyration angle measurement device of the invention; 

FIG. 2 is a top view of the device of FIG. 1 with certain internal components represented 
with dashed lines; 

FIG. 3 is a cross-sectional view of the apparatus of FIG. 1 in the direction indicated on 

FIG. 2; 

FIG. 4 is a cross-sectional view of the device of FIG. 1 in the direction indicated on FIG. 

2; 

FIG. 5 is a cross-sectional view of the device of FIG. 1, shown in position in a cylindrical 
mold of the type used in gyratory compactors, and with mold endplates in the mold; 

FIG. 6 is a cross-sectional view of an alternate embodiment of a resistance loading and 
internal gyration angle measurement device of the invention; 



6 



FIGS. 7 A and 7B are cross-sectional views of an internal loading device of the invention 
shown in position in a mold with an internal gyration angle measurement device, and 

FIG. 8 is a cross-sectional view of a mold and surrounding frame of a gyratory compactor 
which is instrumented for measurement of an internal gyration angle, and with a resistance 
loading device in the mold. 

Detailed Description of Preferred and Alternate Embodiments 

FIGS. 1-5 illustrate a first embodiment of an internal loading and internal gyration angle 
measurement device of the invention, indicated generally at 10. The device 10 in this particular 
form has a generally cylindrical body 20 which is generally configured to fit within a cylindrical 
mold of the type used in a gyratory compactor, such as a Superpave gyratory compactor. The 
body 20 of the device 10 can of course take different shapes and forms in relation to the mold in 
which it is to be used as described. In this embodiment, designed for use in a cylindrical mold 
M, as shown for example in FIG. 5, of the type used in Superpave gyratory compactors, the 
generally cylindrical body 20 is defined by circular end caps 22 and 24 with a wall 30 which 
extends between the end caps 22 and 24. Although shown in cylindrical form, the form of the 
wall 30 is not necessarily dictated by the form of the mold M, however in this instance the 
outside diameter of the wall 30 of the body is just slightly less than the inside diameter of the 
mold M. The circular end caps 22 and 24 are configured to closely match the inside diameter of 
the mold M so that the body 20 of the device moves in axial alignment with the mold M as the 
mold is gyrated at a gyration angle. 

When installed in a gyratory compactor the mold M is gyrated, i.e., one end of an axis, 
such as the longitudinal axis, of the mold cylinder is moved in a circular path while the opposite 
end of the same axis is held at a fixed point, or some point along the axis of the mold is held 
while the ends of the mold are gyrated. The mold M is thus gyrated by any suitable mechanism, 
such as those known in the art, including those described in the patents cited and disclosed in 
connection with this patent. In general, mold gyration mechanisms include those which engage a 
portion of the mold cylinder, such as the mold wall or a flange which extends from or surrounds 
the mold cylinder, in order to move the mold in a gyrating or orbiting motion, and those which 
otherwise displace the mold cylinder from an axis of compression or travel of a ram inserted into 
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the mold, by a mechanism which includes a rotationally driven eccentric to impart a gyratory 
motion to the mold. Other gyratory mechanisms move the mold end plates while holding the 
mold cylinder stationary to create the gyratory action on material in the mold. All such 
mechanisms, including all gyratory compactors of the prior art are included within the meanings 
of the terms "gyratory compactor" and "mold gyration mechanism" and variants as used herein. 

Each end cap 22 and 24 has a corresponding protrusion, 222 and 242, which projects or 
extends from the outer plane of the respective end cap. In the form as shown, the protrusions 
222, 242 are disk shaped and located at the radial center of the respective end. Each protrusion 
222, 242 has a contact edge 2221 and 2421 which contacts an opposing mold end plate, MP1, 
MP2, as shown in FIG. 5. The mold end plates, MP1 and MP2, are plates which fit within the 
mold with sufficient clearance to be positionable at angles relative to a vertical axis of the mold, 
as shown in FIG. 5. Because the protrusions 222, 242 are circular, when the mold end plates 
MP1 and MP2 are angled relative to the plane of the end caps 22 and 24 (or when the mold M 
with the device 10 therein is angled relative to the plane of the mold end plates MP1, MP2) the 
protrusions 222, 224 contact the respective mold end plates MP1, MP2 at the contact edges 2221, 
2421, as shown in FIG. 5. Although the actual physical area of contact between the contact 
edges 2221, 2421 and the respective mold end plates MP1, MP2 may be greater than a literal 
point, the interface between these two components is referred to herein as the "contact", "contact 
edge" or "contact point". 

Contained within the body 20 is instrumentation which is operative to measure the 
internal angle of gyration within a mold M, with reference to the interior of the mold M and 
either of the mold end plates MP1, MP2, or both. FIGS. 1-5 illustrate an embodiment which 
includes a guide block 40 positioned proximate to and within an opening 32 in wall 30. One or 
more guide block probes 42 are mounted within the guide block to extend outward from wall 30 
for contact with the interior of a mold M, as shown in FIG. 5. The guide block 40 is pivotably 
mounted, for example at pivot 401, to the device body 20 and spring biased by springs 402 to 
force the guide block probes 42 into contact with the mold. The guide block probes 42 can be 
mounted in other ways within the device body which may not require the guide block 40. 
Attached to or extending from the guide block 40 is a guide rod 44, mounted to the guide block 
40 with linear bearings to allow the guide rod 44 to slide within the guide block 40. The guide 
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rod 44 is spring biased, by spring 406, against a mold end plate, MP1 or MP2. The guide rod 44 
is oriented generally orthogonal to the guide block probes 42, to extend through one of the end 
caps 22, 24 toward one of the mold end plates, in this case toward mold end plate MP1. A 
reference probe 46 is positioned within the guide rod 44, e.g. by threaded engagement or 
machined as part of the guide rod 44, to extend through end cap 22 to contact the mold plate. 
Alternatively, the reference probe 46 can protrude from or extend through end cap 24 of the body 
20 for contact with mold plate MP2. 

Also internal to the device body 20, a slide block 50 is attached directly to the guide rod 
44 to move with the guide rod as it slides within the linear bearings. An additional set of 
bearings prevents the slide block 50 from rotating around the guide rod 44. A linear position 
sensor probe 52, such as preferably a linear variable differential transformer (LVDT) or similar 
position measuring probe, is mounted to the slide block 50, with the probe 52 and probe tip 521 
spring biased toward the respective mold end plate. The linear position sensor probe 52 is also 
spring biased to maintain contact with the corresponding mold end plate during operation, and 
can alternatively be positioned to extend through either end cap 22 or 24 of the cylindrical body 
20. 

As the device 20 is placed into the cylindrical mold (with mold end plate MP1 at one end 
of the device facing end cap 22 or 24, and mold end plate MP2 at an opposite end of the device 
facing the other end cap), the guide block 40 is compressed against its mounting spring to force 
the guide block probes 42 into contact with the interior of the wall of mold M. This provides a 
reference and confirmation of the co-axial position of the device body 20 with the mold M. The 
reference probe 46 then contacts a mold end plate, and the linear position sensor probe 52 also 
contacts a mold end plate. The reference probe 46, being located proximate to the guide block 
probes 42 and oriented ninety degrees thereto, and being mounted in the slide block 50 with the 
linear position sensor probe 52, provides a reference measurement of the position of the mold 
end plate relative to the device body 20, and more particularly with reference to the plane of the 
end cap 22 (or end cap 24 in the case where reference probe 46 is positioned to extend 
therethrough). Linear position measurements by the linear position sensor probe 52 are then 
made with reference to the inputs of probes 42 and 46, and these measurements input to an 
appropriately programmed circuit (preferably residing on a microchip in circuitry contained 
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within the device body) which calculates an internal angle of gyration from the sensed 
position(s) of the mold end plates relative to the interior of the mold. 

As shown in FIG. 6, the invention further includes an alternate embodiment which 
utilizes multiple reference and linear position sensor probes by, for example, use of an alternately 
positioned or oriented guide block 402 and an accompanying slide block 502 inside the body 20. 
In this particular orientation of the internal angle measurement instrumentation, the guide block 
sensor probes 422, mounted in guide block 402, extend through end cap 22. The reference probe 
462 extends through the wall 30 of the device body 20, as does the linear position sensor probe 
522. The slide block 502 is spring biased in a direction parallel to the end caps 22, 24. 
Alternatively, a single guide block may be combined with two slide blocks spring biased in 
opposite directions relative to the device end caps, with each slide block having a reference 
probe and a linear position sensor probe which extends through the corresponding end cap for 
contact with the corresponding mold end plate. Embodiments with a second linear position 
sensor probe would require a second signal conditioner. 

As shown in FIG. 5, the device 10 is placed within a mold M between mold end plates 
MP1 and MP2. The mold M is then loaded into a SGC and the SGC operated in a normal 
manner. A compaction ram of the SGC applies a consolidation pressure to the device 10 through 
one of the mold end plates MP1 or MP2, and the mold M is displaced to an angle of gyration, as 
shown in FIG. 4. Once at a gyration angle, the contact edges 2221, 2421 of protrusions 222, 242 
make contact with the respective mold plates to apply a moment force to the mold and the SGC 
machine similar to the forces created by an actual HMA specimen in the mold. As noted, the 
forces acting on the SGC frame causes a deflection in the frame. Because the device 10 creates a 
precisely known load which is a product of the forces used to apply the consolidation pressure 
and the diameter of the end protrusions 222, 242, the SGC frame deflection and an angle of 
gyration is determined from precisely known loading conditions. By applying these forces while 
simultaneously measuring an internal angle of gyration with the SGC loaded in approximately 
the same manner as when compacting a typical HMA specimen, the invention is able to 
accurately measure an internal angle of gyration under consolidation or compaction loading 
without a material specimen present in the mold. 

Of course the size and diameter of the end protrusions 222, 242 and corresponding 



10 



locations of the contact edges 2221, 2421 dictate the force vectors applied to the mold and SGC. 
Accordingly, the diameter of the end protrusions can be altered by exchange of different sized 
protrusion by mechanical detachment/attachment to the end caps 22, 24 and/or the force applied 
to the device by the SGC compaction ram can be varied to obtain different levels of loading, 
again without the presence of HMA or other material in the mold. A smaller diameter protrusion 
results in a smaller moment load simulating a weak HMA material, while a larger diameter 
results in a larger moment simulating a strong HMA material. Generally, a smaller compaction 
force on a given diameter protrusion will also reduce the moment load while a larger force will 
increase the load. In this manner, a known reaction force of the desired leveLcan be applied to 
the SGC frame to simulate the desired load condition during the angle measurement. This is an 
important aspect of the device as each SGC model has its own frame stiffness characteristics. A 
stiff SGC frame will hold a substantially constant angle of gyration at various moment loads, 
while a less stiff SGC frame will show a variance in the angle of gyration for different reaction 
forces. Because of the different SGC frame stiffness, it is important to apply a known load to the 
SGC while measuring the angle of gyration thus this invention is advantageous over existing 
techniques which require the use of materials with an unknown stiffness. It is important to 
characterize a SGC frame so that the changes in the angle of gyration resulting from different 
HMA stiffness can be quantified. The end protrusions 222, 242 can be made detachable and 
interchangeable to ease the use of different diameters, or may be made as an integral part of the 
cylindrical body. 

The device 1 0 is preferably self-contained with a portable power source such as a battery 
and data acquisition electronics. The device can be connected to an external computer once the 
measurement is complete to retrieve and display the measured angle, or the device may include a 
display on the body 20, for example by incorporation into wall 30, to directly display the 
measured angle without the aid of a separate computer or display device. Or, the device 10 can 
be configured with appropriate hardware and software for wireless transmission of angle 
measurement data to a receiver external to the device and the SGC. 

Calibration of the device is accomplished through the use a machined block with multiple 
known angles. The device is placed into the block against the reference surface for each known 
angle and the output of the device is matched to the known value of the machined block. This 
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provides a traceable calibration to a known standard. 

FIGS. 7 A and 7B illustrate a non-instrumented internal loading device, indicated 
generally at 100, which can be used to simulate the forces of material specimens within a mold 
M. As illustrated, the device 100 is used in accordance with the invention in combination with 
an internal angle measurement device IAM which fits within the mold M. The non-instrumented 
internal loading device 100 has a body 110 generally configured to fit within a mold, such a 
cylindrical mold M, and can be made with one or more flanges 120 which extend outward from 
the body 110, for example radially outward from the body, to closely match the internal diameter 
of the mold M. Alternatively, the body 1 10 can be made with an outer diameter which closely 
matches the internal diameter of the mold M. Protrusions 1222, 1242 extend from opposing ends 
122, 124 of the . body 110, each of the protrusions having a contact edge 1222c, 1242c which 
contact the corresponding mold plates MP1, M3 when the device is positioned between the mold 
plates within a mold, as shown. Because the contact edges 1222c, 1242c are radially offset or 
eccentric from the axis of the body of the device 100 (which is coaxial with the longitudinal axis 
of the mold), a moment is applied to the gyratory compactor in which the mold is installed which 
is comparable to that created by shear resistance of material such as HMA in a mold when 
gyrated. 

In order to measure the internal angle of gyration while the SGC is under the simulated 
material load, the device 100, between mold plates MP1 and MP3, is placed in the mold M on 
top of an internal angle measurement device, such as device IAM of the type for example 
described in U.S. Patent No. 6,477,783 as shown in FIG. 7A. The mold end plate at the bottom, 
MP2, is positioned under the internal angle measurement device. An advantage of this 
combination of components within the mold, in addition to not requiring a material specimen in 
the mold, is that the body of the internal angle measurement device does not have to be 
configured with moment-inducing protrusions, and does not bear the mechanical stress of the 
compaction force of the SGC. Compaction forces are transferred through the measurement 
device to the mold end plate MP2 and to the SGC frame. The intermediate mold plate MP3, and 
the underlying mold plate MP2, protects the internal gyration angle measurement device from 
damage within the mold. However, the mold plates can be dispensed with if the housing of the 
internal gyration angle measurement device is built strongly enough to bear against the loading 
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device under a compaction force. For example, the intermediate mold plate MP3 as shown in 
FIGS. 7A and 7B can be dispensed with when used with an internal angle measurement device 
with adequate housing strength. In the arrangement as shown with the internal gyration angle 
measurement device under the non-instrumented internal loading device 100 (FIG. 7 A), the 
internal angle of gyration at the bottom of the mold is measured. To measure the internal 
gyration angle at the top of the mold, the assembly of the device 100, MP3 and the internal 
gyration angle measurement device (10 or I AM) can be inverted within the mold as shown in 
FIG. 7B. The mold plates may be independent pieces within the mold or attached to other 
components such as to a compaction ram or ram foot. As noted, the intermediate plate MP3 may 
not be required in either type arrangement depending upon the strength of the housing of the 
I AM. 

The loading device 100 can also be used in accordance with the invention with a SGC 
which is instrumented with probes and sensors external to the mold M and mold end plates to 
measure an internal angle of gyration, as described in the co-pending application serial number 
10/273,864. As described therein, an array of sensors is provided external to the mold and mold 
end plates to determine a relative position of these components while the mold is gyrated, and 
from which positional data an internal gyration angle is calculated. Each of the sensors of the 
array may be intergrally mounted to the SGC for operative contact with the mold and mold end 
plates, whether by direct physical contact, such as linear variable differential transformer 
(LVDT) sensors, or optical sensors or the like. The sensors or sensor arrays are operative to 
determine position or orientation of machine components, such as a mold or mold end plates, to 
provide data from which an internal gyration angle can be determined. As shown in FIG. 8, the 
device 100 is positioned by itself in a mold M between mold end plates MP1 and MP2. As 
described in application serial no. 10/273,864, the gyratory compactor (SGC) in which the mold 
M is placed is instrumented with sensors in operative contact with the mold M and at least one or 
both of the mold end plates MP1, MP2, such as for example by contact with externally arranged 
probes 60, 70, 80 which measure the relative positions of the mold and end plates to thereby 
determine the internal gyration angle at one or both of the end plates. With the device 100 
present in the mold and under the applied force of the compaction ram R, the device 100 
transfers moment forces through contact points 1222c, 1224c to simulate the forces of a material 
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specimen in the mold, thus providing simulated but accurate internal gyration angle 
measurements. 

Although the invention has been shown and described with respect to certain preferred 
embodiments, certain variations and modifications may occur to those skilled in the art. For 
example, many different types of position sensors, including angular measuring sensors, may be 
substituted for the various probes and sensors described. Additional probes may be added to 
extend through the end caps of the body, and additional probes provided through both end caps 
to measure multiple angles simultaneously. The device may also be used to simulate the loading 
characteristics of materials other than asphalt and asphalt aggregates. All such variations and 
modifications of the device and its various components and methods of use are within the scope 
of the present invention as defined by the claims and equivalents thereto. 
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